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ABSTRACT

Sound absorption due to single mar ine  crustaceans
was measure d employing rever beration cham ber

• techniques in the laboratory . Viscous and ther mal

losses were measured separately by varying the

position of the absorbing body in the sound fieU.

Only primary axial no des wer e emp loyed and d iscr eet
frequenci€s were utilized in the range 1150 ~!z to 3200

Hz by varying the height of the water C01U21n.

Absor ption cro ss sec tions ( a ) wer e determined for
both the thermal and viscous effec ts for two species
of crustaceans (Ser2estes si lis and ?asi~~~~a

~~cifica ) which are prominent members of the
scattering layer present in Monterey Bay, California.

Values of a due to viscous effects ranged from 0. 152

x 10~~ to 1.0L42 x 10~~ m~ whereas a due to thermal

losses varied from 0.311 x 10 ’ -~ to 1.670 x i0” -~ m2

• These values of a resulted from measured viscous

• absorption coefficients of 3.19 to 8.65 dB/kiu and

thermal absorption coefficients of 5.93 to 11.88

dB/km. These values resulted f r om  a l abora to ry
concentrat ion of one specimen in 0 .002 to 0.007 m 3 of
water .

14
5.

• . • • . • •.‘



. — - •-
.

~~~

•——- .-

~~~~~~~~~~~~~ 

-

~~~~~~~

-

~~~~~~~

• • • • • - - - .

~~~ 

w-- •~-

TA3LE OF CONTENTS

• I. INTRODUCT ION . . . . . .  . .  8

II. NAT URE OF THE PROBLEN  10

III. EQUIPMENT DES IGN AND THEORY ... 11

A. RECTA NG ULAR AND CYLINDRICAL CAVITIES 11

B. THEORY  12

1. Determination of Absorption and

Compressibility 114

a. Absorption 15

b. Compressibility 18

C. CAVITY SUPPORTS 19

D. TRANSDUCERS 19

IV. INSTRUMENTATION 23

A. SIGNAL TRANSMISSION 23

P. SIGNAL RECEPT ION   23

V. THE EXPERIMENT   28

A. ANIMA L COLLECTION 28

B. A NIMAL TREATMENT IN THE LAB 28

C. PROCEDURE 30

• VI. RESUL’IS AND DISCUSSION   32

VII. SUGGESTIONS FOR FURTHER STUDY  36

VIII. APPENDIX ... . ..   . 37
p

I X. LIST OF P. EF ER EN C ES . . 4 1

Id

5

~~~~~~~~~~~~~~~~~~~~~~~~~~~ L~~ _ _



—‘V .~~ , , _  . _-

a

LIST OF FIGURES

• • 1. Preliminary cavity configurations . . . . . . . . ..  21

2. Final cavity configuration  22

3. Sample recorder outputs with indicated decay times.. 25

4. Experimen tal measuring system   26

5. Laboratory set—up 27

5. Tucker trawl 29

4.

6 1
— ~~~~~~ ~~~~~~~~~~ —. .- 

— ~~~ _ . _  ~ .
~~* a

_ _ _ _ _ _  _ _ _



f ly  -

~
•I- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ACKN OWLED GEMENT S

In the course of this  exper iment  many  diverse fields
of interest were encountered. Therefore, the help of m any
people was solicited. For the inception of the idea and

expert laboratory guidance I would like to especially thank

my advisor , Professor Herman Medwin . My co—advisor ,

Prof essor Eugene Haderlie, gav9 me guidance on specimen

collection as well as providing the all—important species

ident ification.

I would also like to express my extreme gratitud e to

the captain , W. W. Reynolds , and the crew of Resear ch
Yessel Acania. It was through their tireless efforts that

this project was made possible. In all the cruises with

them I received complete cooperation at all times.

I would like to thank Mr. Bob Moeller who fabricated

needed machine parts on numerous occasions. I mus t also not

forget to mention the fine support which Mr. Jerry Norton

provided when call ed upon.

Finally, to Dr. Jorge Novar ini , who provided much
needed guidance as my advisor in Dr.  Medu in ’s absence , I
express my sincere appreciat ion.

7

_ -

~

• i 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~--~~~~~~~~_



V ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.. .—..— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—•‘-—--a—.— — - •--”.—’•.•..• 
~

•.
~

•
~
•- - _ __•‘___ ••

r - •
~‘~

•
~~

- ——•—‘-—‘ • •,.-—— •—•-- .---—•—-—• •.-—..-— - .  - -—,
~

•—-.
~-—~

-•.— - — --
‘a 

- ~~~

—

a

I. IN T RODUCTION

The propagation of sound in the  ocean is, of course ,
affected by the inhoinogeneities of the medium. The effects

of temperature, salinity, and pressure variations on sound
propagation have been well studied. The suspension of

matter within the mediu m will also cause attenuation.

Included in this suspended matter are the biota, partici:iarly

plankton.

This  report  concen t ra tes  on two p r o m i n e n t  member s  cf ~~ie
zoop lank ton  c o m m u n i t y ,  bo th  c rus taceans, and t he i r  role in
sound a t ten uation. A l abora tory  exper iment  was car r ied  out
to s tudy  one of the componen t s  of this  pheno m enon , namely
absorpt ion.  Sca t t e r ing ,  the  second co m p o n e n t  of
a t t enua t ion, was not add ressed in th i s  report. As this
study was conducted in Monte rey ,  Cal i forn ia, the  species
avail a bl e were ~~~ ha~~ ia 2ac~~~ ca ,Ser~ estes similis  and
other prawns proba bly ~~si2hea ~p~ci~~ ca. B a r h a m  (1956)
showed that ~~ ~~ and S~ similis were ma jor members
of Monterey Bay ’s deep scatterin g layer. In addition , t hey
are also quite abundant as shown in 

~~~~ ~~~~~
Since the crustaceans , once caught , can be main ta ined

easily in the laboratory,  prolonged testing is feasible
(Lasker and Theilaker, 1965)

Because of the small size of the specimens, resonan t
cavi ty  measurement s of a t t enua t ion  as measured th rough  t ime
decay in  the  reverbera t ion  level seemed to be the  most
advan tagous .  A choice had to be made as to hard or sof t
vail cavities. Initial  test ing was made using a h a r d  wall

8
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c a v i t y ,  but the  soft wall  proved to have  a h igher  Q and
the re fo re  better suited for  measurements  of the  small

- 

absorpt ion expected for small  numbers  of t h e  specimens.

t

I
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I’. LA~!L~~ 2~ Ili ~ ~~~~ ii

The problem examined  here was the  effect  of single
marine crustaceans or. sound absorption. The primary

objective of the experiment was to determine the absorption

cross sect ion of the  bo5.ies at va r ious  f reguenc ies .

Previous work on planktonic crustaceans using acoustic

resonator cavity methods has been reported by Lebedeva

(1965) , w h o  used s ingle  c rus t aceans  of the families

Sergesti-~~e and 0~ lophc:idae. The :eport only acalt with

~he r elat ive  b u l k  modulus  ( rec iprocal  of compress ibi1i~ y) .
L i t e r a t ur e  on t h e  subject  of acoustic character is t ics  of I
sm all crus tacean s is ra ther scar ce an d, to this author ’s

knohiedge , no value of absorption cross section of

individuals has been reported.

In a ddi tion , an attempt was made to measure the relative
compressibi l i ty of the animals .

The speed of sound (C) in a f lu id  is de te rmined  by  the
density ( p ) and the compressibility (K) of the medium. The

equat ion combining  these variables is:
-S

2 1
C = —

pk

When absorbin g bodies are introduced into the fluid,

their specific compressibility (the volume change of a

substanc e per uni t vo lume)  must  be taken  into account .  The
differ ence between the com pressibili ties of crustacean s an d

sea wa ter, though not large, does contribute to sound
a t t enua t ion  (Enr igh t  1963)

10
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• III . EQ UIP ~~~~~ DESIGN AND THEORY

A. R E C T A N G U L A R  A N D  CYLINDRICAL CAVITIES

Since the  resonant  c a v i t y  approach  was to be used ,
design was  t he  n e x t  c o n s i d e r a t i o n .  I n it i a l l y  a r e c t a n g u l a r
c a v i t y ,  8 .5  in. by 8.5 in .  by  214 i n . ,  was cons t ruc t ed  out
of one ha l f  inch th ick  s teel .  This fo rmed  a r i g id wal l
c a v i t y .  Th e  id~ a was t~ cons t ruc t  a c a v i t y  su i t a b le  for
b o t h  l abo ra to ry  and  in ~ i~ u m e a s u r e m e n t s .  N u n e r o u s
m e a s u r e m e n t s  of reverbera t ion  t ime  were  taken at var ious
f r equenc ie s .  It wa s  f o u n d  t h a t  t h e  r e v e r b e r a t i o n  t ime ,
w h i c h  is direct ly p ropo r t i ona l  to t h e  qual i t y f a c t o r  ( or
Q) , of t he  cav i ty  was too low to be of any  use w i t h  small
p l ank ton ic  samples  (genera l ly  under  500)

The next  cavit y inves t iga ted  was a t h i n — w a l l e d  Pyrex
cylinder w h ich me asured roughly 18 inches  high by 6 inches
in diameter (wall thickness 0.125 in.) . This would

represent a soft—walled cylindrical cavity. The use of

glass had the additional advan tage of being able to se e if
bubbles were present. Bubbles , of course, would greatly
degrade the measurement of the system Q. Other features of

this cavity were that it contained no seams to interfere

with symmetry, it had a flat bottom which made it

w ell—suited for support or suspension , the boun d ary  allows
for pressure release, and finally the cavity was readily

obtainable as a stock item with no modifications necessary.

In order to eliminate the effects of bubbles , fil tere d,

3’ degassed synthetic sea water was used throughout the
‘I.

11
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experiment. Degassed water was made by allowing the water

to stand for long periods of time in a vacuum. Filtering
- was accomplished by the use  of micropore f i l ters .

B. THEOR Y

The theory  presented can be foun d in most genera l
acoustic textbooks such as Morse (19L48) or Kinsler and Frey

(1962).

The homogeneous  wave eq ua t ion  in cy l ind r i ca l  coordina tes :

{ .
~~

- .
~~~ — ( r  -s— ) 

+ 
~~2 

—
~
-
~y + — 

~~~ 
—~-~-] P = 0 (1)

r ~Q c 3 t

Solut ion in an i sotropic  m e d i u m :

- iwt
p = s in ( m ~ ) sin (k 2 z) 

~m (k r) e ( 2 )
-F

w here :
0 , 1, 2 , . .

= cylindrical angular coordinate

z = axial coordina te  —

r = radial coordinate
!c~ = w/c axial wave  number
kr = w/ c  radial wave  number
c = speed of sound (m/ sec)
t = t ime  (sec.)

= kc , angular fre quency
2 2 2k = k  + k

z r

Boundary con ditions:
p.,

Sound pressur e at the  wai ls  was taken to be zero .  That
is , if t h e  cylinder radius is a , and the  length  is L , then p

12
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a

= 0 a t  r = a and at z = 0 a n d  z = L.

then , sin (k~ L) = 3 ( k a) = 0

k L  = lii 1 = 1 , 2 , 3 , . . .

k a =
r mm

Solutions are found from the equa t ion  Jm ( 1T8 ) = 0 , or
the zero crossings of the  Bessel func tion .  As to the

• 
~~ibscrip-t s on ~ , the  a indicates  the  number  of radial
antino les in eac h Bessel f u n c t i o n  of order m

The resonant frequencies of the cavity may be calculated

from:

f = 
C 

V ~~~~ 
2 

+ (~~~ fl
) 2 (3)

Setting 1 equal to zero yields pure radial modes. 3y

varying the order of the Bessel function and value of a

the various radial modes can be calculated and labeled.

• Setting 
~mn

Tt = 0 results in pure  axial modes . The
combination of radi ‘ and axial modes naturally follows.

The efficiency with which a resonant system stores
energ y is termed the “quality fac tor” or Q. It can also be

thought as the • sharpness of resonance. The Q can be

detecmined by:

Q =  ~~p..x n (4 )

where ~ f = bandwidth of resonance peak taken at the half
power points

13
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a
or Q (5>

where:  = spacial a t t e n u a t i o n  in nepers,’w

A = wavel ength  at f

1. Determina t ion  of ~bsor2t ion and Corn2ressibilitI

Sound absor ption in a m ed ium is due to three
ef fec ts:

1. viscou s losses

2. hea t  c o n du c t i o n  losses
3. molecular  exchange of energy ( relaxa t ion  process)

The l a t t e r  generally occurs at h igh  f requencies  and  was not
addressed specif ical ly in in this experiment. Yet it must

be noted that  numerous  o rgan ic  compounds do exist w i t h i n  the
bodies of crustaceans which  m ay undergo  this re laxa t ion
phenomenon and contr ibute  to sound attenuation. Since small

absor ption was expected , viscous e f fec ts  and heat con duction
effects  wer e assumed to act independen t ly  in producing

1~ attenuat ion.

Viscous losses occur due to re lative motion between
the absorbing body and  the  medium .  (Of course, t h e y  also
occur in the  med iu m itself) . This e f fec t  will, p redomina te
where  velocity is at a m ax i iu in .

As the  f l u i d  and absorbing body a re  compressed their
L

temperatures are raised and a local temperature gradient is

established. The subsequent  f low oi hea t  by conduct ion
leads to therma l losses (Kinsler and Frey,1962) . Hence,

14
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this would be the predominant effect where velocity is at a
minimum and acoustic pressure is at a maximum.

With this in mind it was determined to utilize only

th e  axial  modes of the cavi ty .  With  only an axial mode
• present , absorption due to viscous ef fec ts  was measured at

the nodal points (maxi mum velocity , minimum pressure)
Thermal  effects  were measured at  the ant inodal  positions
(maximum pressure , minimum velocity). With a body at the

antinode it was also possible to measure relative

com pressibility of the body.

a .  A bsorptio n ( n )

For plane waves in a medium with uniform

distribution of absorbers:
4-

dI =— I S dx (6)
p a

where: dl = change of in tensi ty
• 1=  original  plane wave i n t ens i ty

5a= absorption cross section per unit volume

(1/rn)

also equals N a , where  N is the n u m b e r  of absorbing
bodies per unit volume. And 0a is the absorbtion cross
section of each absorber (in 2 ).

is defined as:

- - TOTAL POWER ABSORBEDa = (7)
-: 

a I NCIDENT PLANE INT E NSIT Y

In tegra t ing (6) f rom above :

‘S
— S xI = I e ax p

- 3 ’
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taking 10 log to get intensity level (IL) in decibels (dE) :

10 log I — 10 log I~~~ = — S
a 

L~x 10 log e

or , t~IL = 10 log e S E~x

= 4.34 S L~xa

— the  absorp t ion  per uni t  distance is give n by :

= 4 .34 S = 4.34 Na ( dR/distance)
a a

This absorption per unit  dis tance is commonly referre d to as
t he  logarithmic absorption coefficient ( ci- ) of the medium ~t

~ 
given concentration of aosorbing bodies. Therefore ,

L~IL
ci- = -

~~
-
~~~ = N 0 a 10 log e (dB/ dis tance)  ( 8 )

In the determination of ab sorption through the
reverber ation chamber technique , it was more conven ien t  to
work wi th  the absorpt ion coef f ic ien t  per un i t  t ime
(dB/t ime), a , than wi th a . This parameter , a , was the
actual experimentall y measured value . The value for a

- 

- 
fo l lows  f rom the de f in i t i on  of r everbera t ion  t ime.  This was

p taken as the time for the sound level to decrease from its

maximum amplitude to a value 50 dB less than maximum . The

time for this decrease was recorded on the sound level
recorder . Thus a is obtained by dividing 50 dB by the

reverberation time or:

SOd B
a = ( 9 )

RE VERBERATI ON TIME

- 

~~ . The calculation of a fo l lows by a p p l y i n g  the spee d of
sound (C) , or

t

16 
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a

a
a = (dB/ d ista nce )

The speed of sound was expressed in meters per second , thus
a is given in dB per meter.

Since the medium is absorbent by itself , the
fraction of the absorption coefficient due to the bodies

(ab ) is obtained as follows:

a a
CL = - _i
b C C ( 1 0 )

whe re  t h e  subscr ipt s  w and  ub represent  w a t e r  on ly
and wate r  plus bodies respec t ive ly .

Certainly, ci

b 
depends on th~ concentraticn of

bodies in the w a t e r  sample under consideration. Thus the

absorption of a single absorber is best expressed through

t he  absorpt ion  cross section , 0
a 

From egua t ion  (8)

a =a 10 log e ( N )

Since in this experim ent there was only one body in the
volume , it fo l lows tha t ,

N = 1/volume of wa ter column
p

therefore:

aba = ( v o l u m e  of wate r  c o l u m n )  ( 11)
10 log e

17
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a

b. Compressibi l i ty  (K)

K = z~V/V , V = volume
p

= 
1 

(12)w p K
w w

2 1c = ( 1 3 )wb 
~ (K + K )

wb w b

subscr ipts :  w ( w a t e r  only)  , b (body o n l y )  , wb ( w a t e r  plus
body)

~~ 
r epresen t s  t h e  tuned resona nce f r e q ue n c y  w i t h o u t  bodies

present. A body is introduced into the water and the sys:~ m
is re—tuned to resonance. f represents this new

wb
f r e q u e n c y .

By usin g on ly  t h e  p r imary  ( f i r s t )  axia l mode  the
wavelen gth r emains  cons tan t .  That  is , = . iJsing
the re la t ion  that  A f  = c, the following holds true:

f c /p [K + K ]w w wb w b
f = 

C 
= 

p K ( 14)
wb wb w w

Assume 
~wb 

= + ~p ,that is, the density of the body
constitutes a small perturbation in the water ,or ,

dp < <

then ,

K
b ( 1 5 )

where K can be obtained from equation (12)

18
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a

Since eq uation (15) holds for a uniform distribution of

bodies in the volume, the result must be multiplied by V’/V .

Where V’ = volume of the body and V = volume of the water.

C. CAVITY SUPPORTS

The object in choosing a proper support was to keep the

sound ene rgy  in the  cavi ty  and not have  it t r a u sm i t ta d  to

the support. Therefore a suppor t system of minimal area and

b u l k  was  a necessi ty .  Since wire  s l i ng—l ike  s u p p o r t s  have
been used s u c c e s s f u l ly  wi th  glass spherical  cav i t i e s
(Leonard ,- 1950) th i s  method was settled u p o n .

•\ n ai~~n inum r ing  ( a p p r o x im a t e  d i am e t e r  1) i n .)  ~as
fitte d w i t h  four  i so la t ion  m o u n t s  of the  rubber  da shpot
t ype .  These wou ld  i n s u l a t e  the base r ing fro- m the
lab o r a t o r y  table,  The  top s u r fac e  of the  r ing w a s  f i t t e d
w i t h  f o u r  larg e bolts to serve as a t t a c hm e n t  points . Wire
was strung b atween  the posts forming an I—shaped surface.

In th i s  con f igur a~ ior. the  wi re  lent  enough s t r e n g t h  to
suppor t the water—filled cavity, but presented minimal
surfa ce area. The heavy posts served to reflect energy

t r a v e l i n g  along the  wires back into the cavity. The support

is represen ted in figure lb.

D. T R A N S D U C E R S

Initial testing consisted of introducing both the

transducer and the receiving hydrophone into the cavity.

Two LC—5 hydrophones were suspended along the axis of the

cylinder. The reverberation times recorded in this

configuration proved to be less than desired. The

hydrop nones themselves were causing the sound to scatter .

19
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a

It was then decided to mount barium titanate transducers

to the cavity exterior. Two 0.500 in. by 0.500 in.
- transducers were shaped to conform to the wall curvature and

epoxied at the mid—height level and directly opposed to each

other. This setup proved to be very satisfactory. A marked

increase was noted in reverberation times. Both

configurations are shown in figures la and lb.

- How ever , when it was decided to employ only primary

- axial modes both transducers were repositioned on the

cylinder base (figure 2 ) . In this c o n f i g u r a t i o n  the  ax ia l
- mode could ~e dr iven more e f f e c t i v e l y  and the  w a t e r  level

could be lowered without affecting reception.

I
.

t
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Figure 1 — PRE LIM INA i~Y CAVITY C O N F I G U R A T I ON S
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Figure 2 — F I N A L  CAVITY C O N F I G U R A T I O N
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IV . INSTRUMENTATION

A. S IGNAL T R A N S ~ ISSION

A sinusoidal signal was generated in a Hewlett—Packard

20L$C continuously—variable oscillator when searching for

r e sonan t  nodes was desired . Once modes were  i d e n t i f i e-~ the
signa l was gen erated using a General Radio Digital Decade

Frequency Synthesizer Type 1161—A.

A General Ra dio Tone Hurst Generator Type 1 3 9 6 — A  was
used to turn the signal on and off. Length of the pulse and

the space between pulses was regulated by a timing signal
generated by a Brüel and Kjaer Oscillator Type 1O1L& . The

resultant pulse was sent to the transducer via a
Hewlett—Packard Model 1467k Power Amplifier and was also used

to t r igger  the oscilloscope (Tek t ron ix  Type  5 145) .  Refe r  to
the block diagra m in figure 4.

B-. SIGNAL RECEPTION

Sound was received at an identical barium titana te
transducer and sent through two power amplifiers ,

Hewle t t— Packard 4 66A and 4 67k .  In th i s  case the  1466k was
employed as a p r e — a m p l i f i e r .  The i n t e n s i t y  of the  s ignal
before amp l i f i c a t i on  was a p p r o x i m a t e l y  3 to 5 mi l l ivo l t s  so
ext reme care was be t a k e n  to shield all cables and

:. connectors. The signal was then filtered through a

23
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Khr~ nhite Filter Model 13342 in the band pass mode then sent
to the oscilloscope and a B-rue).. and Kjaer Level Recorder

Model 2304.

The level recor der w as fitted with a 50 db po ten t iome te r
so that full widtn of the record (50 inn.) represented a 50

dB decrease in sound level. The reverberation time was

thusly recor ded a~ the tim e for the signal to attenuate by

~ 0 dB. Sample recorder outputs are displayed in figure 3.

The receiving portion is also represented in figure 4. A

p h o t o g r a p h  of the  l abora to ry  s et — u p  is shown in f i g u r e 5.

-

~

ii

24 

- ~~~~ .~~.. ~~~~~~~~~~~~~~~~~~~~~ --~ .~~- - ., - - - . -
~ ‘- “- 

-~~~ ~~~~~~~~ --~~~~~~—-~~~-— - - -~~~ m-~~~~~~ - __~~ ._ ~~~~~ j~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ -



S - - -

.5—

w i t h o u t  b o d y

- - 5 - - 

~ o~~

_

‘5
‘S

40

N

D~~~~~ AY ‘~~~~
‘
~~~- W~~~ — .~~~~~

a 
- - - 

., - ) . - - .: ) -

w i t h  b od y

Figur e 3 — SA M PLE RECORDER OUTPUTS W IT I~ INDICATED TE CA Y

TI’1~’S

25

~~~~~~~~~ 

- - -  -

a- •... a ~~~~~~~~~~~~~~~~~~~ ,. - -. . ~
.. - . - .. , -. -v a- •* - - ~~~~~ - & — -‘ A - — ‘..-v__

5 -— . _ __ _
_:I~~~~

_ _ — — .5 ~~~~~~~~~~~~~~~~~ -- - --—-~~~~~~~~~~~~~~~~~
- --..- .-~ -.-- ~~~~~~ - -- - --—---

-
~~~~~~~~-—— -- - - . - - — -  - .---—-~~~-- -.- -.-----



~~~~~~ T~~~~~
-—-—

~~~~- -—-~~~~~ ~~~
-

~~~~~~~~~~~~~~
-
~~~~~
-

~~~~~w— ~~~~ -~~~~~~ -~~~~~~~~~ -

F 
-

a,

-

-v _

o

~~~

I

I

~~

26 

- 5 -4- - — a- 
~~~~~~~~~~~~~~~~~~~ - ., 5 ~~~- - ~. - -- . . *~ •  ~~~~~~~~~~ £ -~~~ A- .-  - - - - - 

- 5 - ~~~~~—.. ~~ - - ~~~~~~~— — ---5- ~~~~~~~~~ ~~i~~~ _ _ . _ _ ~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— ~~~~~~~~~~~~~~~~ -—



_ 
~~~~~~~ --- ---- -- -- . - — -- -—

.5;- 
~~~~~~~~~~• •~,~;‘: . 

-

~~~~~~~

I - ;
-

- -

.5 
-

_ _ _  ~‘-‘i: *
~~~~
-

~~
- ?.~ 

— 

~

- 

- -:
-.5—-—

4 —

1 .

- , 
—

~~~~~~~r - ~~~~~~~~~~~~~~~~ 
.5 

‘
.5 

‘

.5

-.5 
.5

I

.5. C
p 

/

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 

-

.7 27

:1. .. - - - - • ~.:: ~:: .-~ :~i:



a

- 
V. !~~ E.~ iti .~!I - 4 .

A. ANIMAL COLLECT ION

Collection of the sp ecimens was m a d e  usin g a Tu cker
trawl aboard Research Vessel Acania (see figure 6 ) . The
net mouth  measured  six f e et  sguare  wi th  wide mes h t a p e r i n g
down to a coarse p l a n k t o n  n e t .  One ga l lon  glass j a r s  were
u se l  f o r  t h e  cod end.  i r aw l s  wer e  m ade  in the m o r n i n g  w i t h
the  net  at a depth  of 300 to  700 mete r s .  Dura t i on  of each

.5 t r awl  was about  20 to I4 0 m i n u t e s . R e t r iev e d  jars were  capped
and stored in the ship ’s refrigerator until docking.

B. A N I M A L  T R E A T M E N T  IN THE LAB

The specimens were  t ranspor ted  d i rec t ly  to the
laboratory  where the crustaceans were separated f r o m  the
remainder of the plankton. The crustaceans were placed in

one quart specimen jars (1 to 2 per jar) and the sealed jars

p laced in a refrigerated salt wa ter aquarium use d as a
constant temperature bath. Temperature was controlled at 10

degrees Celcius. The aquarium was covered to maintain a

cold, dark environmen t. The specimens were fed ~~j~a

~~~~ larvae (commonly known as brine shrimp) daily. The

larvae were hatched from dry eggs. Keeping the aquarium

dark also served to deep the larvae in suspension and thus

better available to the filter feeding crustaceans.

-v.5
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Because of the small size of the species ~~~~~~~~~

~~ cifica (about 15 mm) in i t ia l  measurements  were taken
using multiple bodies. The animals were constrained in a

small nylon sack which could maintain their orientat ion in
the water column. However the  c u m u l a t i v e  e f f ec t  of multiple

a n i m a l s  along w i t h  t he  sack would not  be conclus ive .
The re fo re , the  r em a inde r  of the expe r imen t  was conducted
usin g the remaining two previously mentioned species. The

la rger  p r a w n s  wer e investigated as single absorbers by

suspending each on a thin wi:e at the desired location in

t h e  t a n k .

The  cy l inder  was filled with the f i l t e r e d  and  degass ed
synthetic sea water and th e  electronic e q u i p m e n t  w a s  a l lowed
to warm up. The water remained at a constant temperature

throughout the experiment , thus no variations in resonance
f r e q u e n c y  wi th  t emp e r a t u r e  occurred . The oscillator was
tun ed to the primary axial mode. The water was probed with

an LC—10 hydrophone to ensure that the primary mode was

present and to find the exact location of the antinode .

Resonance frequencies due to the glass only w ere known and
avoided at all times during the experiment. The frequency

was noted and decay times were recorded.

A single, live crustacean was selected and susp end ed on
the wire. It was lowered to the first node and the cavity

was re— tuned to resonance. The frequency and deca y time

were then record ed. The same procedure was followed while

the animal was lowered to the antjnode and the second node.

Resonance frequenc y and decay time were determined again for

the cylinder witho ut the animal present to check for

30
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ins t rument  dr i f t .

The water  level was then  reduced t o  three  quar te r s  f ul l
a.n.d the . .ex~ eriIe.nt . .repeated. . - subseguently the level was
reduced to half and quarter full to give a range of four
frequencies.

p

p
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VI. RESULT S AND DISCUSSION

The results of the experiment are presented in Tables I

through IV (Appendix A) . Tables I and II display results

for Ser9estes si~ i1is and Ta b les III and IV show results
for PasiRhea ~~~~~~~~~~ Each table is divided into four
main sections corresponding to each frequency examined. The

frequenc y column s are further sub—divided into three

sections i n d i c a t i n g  separate runs  on d i f f e r e n t  a n ima l s .  The
paramete rs  listed are:

v i scous  a b s o r p t i o n  c o e f f i c i e n t  m e a s u r e d  at
vis vis

nodes 1 ( t cp  of tn e  w a t e r  co luna)  and 2 (b o t t c m  of th e  w at e r
column) tespectively.

ci. = thermal absornt ion coefficie nt measured  at tn e
th

ant inode .

~(u) ct~
1
~ = absorption coefficients measured between the

upper node (U) and the antinode, and the lower node (1) and
t h e  an t inode .

The and measurement s were only made a t  a few
frequencies in order to serve as an expe-rimental cnecit.

That is, these values should be less than or equal to the

sum of the absorptions measured at the points where the

maximum separate effects occur, the adjacent node and

antinode. A look at the results shows that this does indeed

hold true. Runs,other than (u),(l) ,where no value was

listed prod uced results outside of acceptable experimental

error an d , therefore , were not includ ed in the tab le .

The decay time and resonance frequency were determined

4.5
is .
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with an accuracy of ±0.005 seconds and ±0.1 Hz respectively,

leading to an error of less than 3% in the determination of

both a and ea

As was not ed earlier , the absorption depends upon the
concentration of absorbers. Therefore, the tabulated values

of a must be viewed in that context. The experimental

concentration correspondin g to the four discreet frequencies

was :

1150 Hz 1 absorber per 7 .101 ~ 10
3

m
3

1420 Hz 1 absorber per 5.325 x 10 m

1940 Hz 1 aosorber per 3.550 x 10 3 m 3

3200 Hz 1 absorber per 1. 775 x 10 in
These are very high concentrations when compared to oceanic

~istri~ u:!on of the species studied.

Estimates of naturally occurir.g concentrations in the

£ofllC scattering layer are quite diverse. Hersey and Backus

summarized the estimates of several authors in ~he Sea ,

Vol. 1 (1962) when they reported ,
L~ 3

1 body per 10 in (Raitt 1948)
3 3

1 body per 8.5 x 10 in (Kanvishe : and Volk inan 1955)
1 body per 650 in

3 
(Johnson, ~~ ~~ 1956)

Addi tionally, Lebedeva (1971) estimated 1 body per i0
2 

to

p

To determine values for absorption coefficients ( a )

for typical concentrations (N) it can either be calculated

from equation (8),

a =  N a 10 log e
a

or , since the absorption coefficient ( n o )  for  a known

concen tration (N0 ) was measured ,

/, 33
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a Nthen a- no —

No

Typical values of a would be a small fraction of the

reported lah ora tory  value  due to the d i f f e ren ce  in
concentration of absorbers.

For exa m ple; with a0 = 3.30 dB/km, N 0 = 1 per 7.101 x
—3 3 510 in and assuming N = 1 per ~50 a , then a = 3.61 x 10

R e g a r d i n g  the  ma in resul t  of the experim en t, the

absorpt icn  cross section. In all cases the calculated value

of a thermal exceeds the value of a viscous. In other

wor ds, the crustaceans studie d prese n t a larger  (11% to 69~ )
crcssect icn in compression t h a n  that  due to re la t ive  incr ion .

It ~aust also be ooserved that values of a viscous

calculated from different runs differ by approximately 3%

wnen f = 1150 Hz and 1420 Hz and ~y approximately 25% when  f
= 1940 liz and 3200 Hz. This deviation at the higher

frequencies can be attributed , in par t, to the f r ac tional
change in water in the cavi ty ,  hence the  volume. That  is,

~ V/V . Since the chamber is one—half and one—quarter full

when f = 1940 Hz and 3200 H z respectively, a small chang e in
volume , ~ V , at these f requ encies would ap pear large when
ccmpared to the volume , V , of the chamber. Consequently a

z
~
V at the lower two frequencies ( fuli. and three—quarter

full chamber) would have less effect. This change in volume

mi ght easily take place during filling , for example. The

deviation in a viscous might also be due to the change in

dimension and properties of the body, since d i f fe ren t
specimens were used for each run. On the other hand , the

values of a viscous for a given specimen measured at

d i f f e r e n t positions (1st node and 2nd node) are in exc ellen t

agreemen t which demonstrate the repeatability of the

experiment.
3’
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An attempt was made to measure relative compressibility

of the specimens. However , anomalous results were noted

when compared with previous work (Enrigh t 1963 and Lebedeva

1965) . It was theorized that even though the water was

f i ltered an d deg assed, small (less than 10~ in radius) 2

bubbles were present (U. Nedwin personal com munication).1

Using this p ostulated bubble size , the calculated bu bb le
resonance frequency exceeded 300 kHz. Thus, wher e this
would certainly not affect absorption because of the low

frequency range of the experiment, it would affect
compressibility. Therefore , results of compressi bilit y were
not reported.

LAt Naval Postgraduate School , Monterey , California .
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VII. SUGGESTIONS FOR FURTHER STUDY

I t has been shown by this study tha t reverbera tion
cham ber techniques in the laboratory are quite suitable for

examination of the small absorption cross Sections

encountered with planktonic crustaceans. It would be

desirable to obtain both more data on the species studied,

and on other species.

Th e same technique also lends itself to the
-~~termination of th~ con cressibil ity of sm a l l  m ar in e
in im a l s .  ~€ o w e v e r , the presence of bumbles of any size

invalidate the results. Therefore , fu tu re  measure m en ts ~iust
be made in a h igh ly  controlled e n v i r o n m e n t .  Water mus t  be

~1egassed thoroughly  by hea t ing or b y em ploying sonic me tho ds
while being evacuated.

Decay time measurements lend themselves readily to

digital methods of recording. Hence, fu ture studies shoul d
include a di gital capability. Experiments conducted in this

manner would be able to collect large amounts of data .
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APPENDIX A
a TABLES OF RESULTS
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